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Introduction

It was the juryose of this study to find the effect
of several of the common admixtures on the wcrkability
of the concrete mix., The number cf admixtures used, however,
was limited by the time permitted for the preparation
of this rerort.

With different t=xt bcoks and asutkorities the concert
of an admixture varies. Therefore, to make clear what is
msant by an admixture in this report, a definition will
be stated that agrees with the author's concert. "An
admixture is any material added to a concrete or mortar
mix other than water, cement, fine aggregate, or cozrse
agegregate to imrart a rrimary desired condition." In
some cases, however, one desired condition may be sacrificed
to a smz2ll extent to favor another. An example of this
would be adding an air-entraining agent to increase
percentage of air voids, but rerhaps, decreasing strength
slightly.

Adnixtures for use in concrete are classed on their
ability to rromote certain bzsic actions in concrete
mixes, These classifications are as follovs:

l. Disyersing Agents

2+ Accelerators

de Water Froofing iastes
4, Tlasticizing Agents

Se ¥inely Divided rowders

6e Air untraining Agents



7. Retorders

o IIlisceilaneous

At one time & nuaber of materizls classed as aduixtures
for concrete were widely rromoted as beimg czpable of
ridding concrete of all kinds of ills, and as a result
admixtures became little thought of as being useful
because few of the materials actually rroduced what was
claimed in their favor. Kecent advances in the develcrment
of admixtures and in the undcrstanding of their rroxer
use have, however, led to the acceptance of tre fact that
if selected rrorcrly and used in the right prorortions,
they offer a satisfactory means of rrcducing srecific,
desired results, A knowlcdge of what an admixture will or
will not do should rermit design of concrete for the desired
end to the best advantage,

Fer this rerort five admixtures vere selected for
investigation as to their effect on workobiliti. The
admixtures uscd were «ll comwacn ones used to rromote
varied yrrimary desired conditions, Ilo attempt, vwhetsoever,
was nade to test these aduixtures for any other conditions
that they might create. In this experimentation the only
objective in mind was the effect upon the degree of work-
a2bilitye.

Also, no distinction was made as to qualification
in any certain cless, The first two, Vinsol resin =nd

Orvus, are lnown chiefly as air entraining agents. The
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next, rozzolith, Is a disrersing agent. The accerted
use for Celcium Chloride as an adnmixture is for decreasing
the time of set, Hydrated Lime is Imown mostly as a

rlaesticizing agent.
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VIISOL Ru3SIN
Vinsol resin is a by-rroduct of the naval stores

industry, and was originally used as an insoluble resin
interground with the Fortland cement clinker. Vinsol resin
m~y, however, if neutralized with a c: ustic solution,be
added at the mixeras well as ground with the cement clinker.
It is added by either method usually in amounts varying from
one to three one hundredths of one percent., In this research
the neutralized Vinsol resin was added in varying ezounts
up to one percent to find if there was any continued
effect on workability at the uprer limits, reclizing however,
that other conditions whollyunsatisfactory may be in-
troduced,

Vinsol Resin, either when intergrouad or added at
the mixer, tends to entrain a considerable amount of air
and causes the concrete or mortar to be more cohesive
or fattye. A difficulty withVinsol resin is that it causes
a2 variable behavior. The same rercentage added to identical
mixes may produce widely different results in some casess
This variation implies that the effectiveness of the Vinsol
resin withresrect to air-entrainment, bleeding, segregation,
fattiness,durability and strength will also vary. In
the present state of knowledge results show that these
variations are unpredictable, This means that the precise
desired rroperties are hard to obtzain with Vinsol resin,
The reason for this variation seems to lie in the fact

that +the air-entraining action of the resin is



derendent wupon neutralization or saponification of the
resin by the alkalies of the cement, This has led to
pre-neutralizatién of the Vinsol resin with a caustic
soda solution, While this measure has improved performance,
it has by no means eliminated variation, In any case
rroperty variations depend upon degree of saronification.
ORVUS

Orvus is a rroduct made by Froctor &nd Gamble Co,.
Its greatest constituent is sodium lauryl sulrhajes AS
compared with Vinsol resin laboratory tests show that
addition of Orvus to the mix have similer effects on
most properties, Unlike Vinsol resin, it does not impair
strength, but shows an increase at all ages, Orvus is
¢ definite chemical compound rroduced synthetically,

and dces not cause variability such as Vinsol resin.

rOZZOLITH

Fozzolith is a product made by lizster Builder's
Comrany. It im a dispersing agenf o Like tle two air
entraining agents already discussed, it is an aprroach
to the problem of the imyrovement of prorerties of
Portland cement. Aprlication of the dispersion yrincirle
was develored in the early 1930's, It is todcy used
both in building construction and ravement work,

When rortland cement is mixed with watey the in-
dividual particles tend to gather together and stick to each

other; afloe is formed.This floc is due to lack of mutually
Tepellant electrostatie charges on cement particles. It
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is the purrose of & disyersing agent introduced into the
mix to brcak up this floc, and makethe ceuent act as
individual particles.

Disrersion of the cement produces three iurortant
effects, The water which was trarped among the floec is
liberated to become part of the mixing water., The surface
area of the cement particles, through dispersion,becomes
greatly increased, A certain amount of air is entrained,
and thus, a daispersing agent also becomes an air-entraining
agen¥e

Dispersion, through those three iuportant effects,
would indicate production of a higher strength concrete,
better workability, greater water tightness by making
rossible a reduction in water-cement ratio, greater
durability with respect to freezing and thawing and

resistance to corrosion.
CALCIUM CELORIDL

Cazlcium Chloride is used as an accelerator, Often
it is necessary to accelerate setting or hardening or both.
A great many inorganic electrolytes will serve this need.
The most widely used which is tyrical of the grour of
inorganic electrolytes is Calcium Chloride., This comround
is used because it is most economical and available.
It is commonly used in quantities ur to three rercent

of the weight of the cement.
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EYDRATUD LIIE

Oneof the admixtures most cormonly used for improving
workability is hydrated lime, It is used in amounts up‘
to five pounds rer bag of cement, Contractors using
hydrated lime as an admixture rerort that they get,
esrecially with the lwaner mixes, more uniform concrete
from batch to batch than when they do nct use it. Because
of the extreme fineness of lime, it reduces to a minimun
the effects of small variations in amounts of mixing

vater on the consistency of the concrete.
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FROCDURE

In a research rroblem like this there can be only
two variables., One of the variables is one of the constituents,
and the other is a result which mey or may not vary.

In this rerort the water-cement ratio, the amount of

cerent, andthe gradation of the aggregate was keprt constant.
The kind of cement and aggregate was also kext the same
throughout. Cnly the admixture was varied.

I was decided at the beginning of the exrerimentatdon
to take five coumon admixtures and thoroughly investigate
their flow yrrorerties when varying percentages of admixturcs
were added to the mix., For these tests the slumpr and flow
table were used according to A.S.T.}M., method of tests,

For slump tests the fine and coarse aggregates were
combined in rrorortions so that the combination would
aiproach the ideal grading based uron Weymouth's thecory
of particle interference. Several trials showed that this
ideal mi%j;ost closely arrroached with a fifty rercent
fine and fiftyx pgrcent coarse aggregate combination than
with any othér.

A mix of 1:5,5 by weight with a water cement-ratio
of eight tenths by volume or fifty three one hundredths by
wefght was used for the slump tests. Any 1rebbles in the
aggregate coarser than three-fourths inch were graded oute
For sach different percentage of admixture incorporated
in the mim, three separate batches were made, Cne slump

test was taken from e:.ch bztch, The curves were plotted
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from an average of tkese,

Only fine aggregate was uscd for the flow table test,
as this is chiefly a test for mortars. Consistent results
could not be obtained wvhen using a combination of both
agcregates., Although a different gradation will, rerhars,
effect the mix differently as to degree of workability,
the generzl effect should be the samne regardless of
gradatione The mix was the same in rrorortion of cement
to aggregate as in the slump test, but with a water-cement
ratio of seventy three one hundredths by weighte. This
increase in water was necessary to obtain a workabie
consistcncy because, rerhaps, of the greater percentage
of air voids in a finer graded aggregate.

With ecch percentage of admixure three separcte
batches were made; From each batch two flow table tests
were taken, and from an average of these mesults the
curves were plotted,

It is knovn that the degree of workability varies
with the time of mixing to scme extent. It was therefore
important to keepr tie mixing time as near constant as
pcssible. Zach betch was mixed from two to two «nd one
half minutes by hand. At the end of this pericd of mixing
the workability seemed to rerx.in fairly constent.

All the agrregate, fine and coarse, wes dried by
gas ourner until the water content was reduced as rmuch
as rossible.lNone of the aggregate was used the sane
day that it wes dried so as to be sure not to use any

above room temyerature, In small betches such as were
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used, it would bec imrossible to calculate tie arount of
veter rresent and allow for it in the nix,.

Belcew is tabulated the seive anclysis data feor the
fine and coarse sggregetes. This rerresents an average

of tvwo testse

S§ive Tercent fassing 505 0% Combined

Size Tand  Iobbles  Sand Iebbles

100 2 0 1 0 1
50 14 0 7 0 7
20 79 0 19.5 0 19.5
16 59 0 2945 0 29,5
8 80 4 40 2 4240
4 93 5 L64E 2.5 49.0
S 95 6 £ 3.0 5045
3/8 100 13 50 65 5645
P 100 42 50 2140 71e5
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TFlow Tzkle

VIDSOL Tto T

Fercent Admixture

Fercent Flow

0.0 120,116 116,116 120,112
03 120,120 125,116 125,125
«09 125,120 132,132 125,159
olZ2 125,125 125,130 130,130
«20 142,137 142,137 142,132
30 132,148 143,150 137,125
.50 148,150 158,150 145,155
1.00 155,162 160,155 162,160
Slump Cone
Fercent Admixture Inches® Slump
0.00 1 1 1}
.03 1 1 1k
.09 2 24 2%
12 2 23 27
« 30 3 3 3/4 3%
1.00 3 4 47
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OuVLS
Flow Table
rercent admixture Fercent Flow
0.00 130,125 125,125

«03 145,145 122,125 142,137

«C9 140,137 140,127 142,142

12 150,155 150,150 1&5%5,182

«<0 167,169 167,165 160,167

« 20 170,166 159,186 178,175

90 - 180,182 182,180 163,180

1,00 182,185 168,170 180,185

Slump Cone

Fercent Admixture Inches Slumyp
000 1 17 2
<03 2 2 21

.09 2 3/4 T Z
12 3. o =

«30C 3 3/4 4 4

1,00 54 5 o




Flow Table

FOLLCLITE

l4.

FPe cent Admixture

Fercent Flow

0.C0 125,125 131,133 131,131

« 20 133,137 137,130 125,132
1.00 137,137 140,135 143,140
1.° 180,150 186,183 148,183
24C0 1€ ,1S€ 1E%6,18¢ 12,1358
3400 1£8,163 1€6,1€9 165,165
4,00 177,177 154,187 168,175
5,00 i77,188 187,187 180,188

Slump Cone

Iercent Adnixture

Inches Slump

[}
2l

las)

(2]

(@]

R
12

[
[xE

<

(=N ¢




FYDrEAT«D LIILS

Flow Table

Fercent Admixture

Fercent rlow

0.0 130,125 127,125

1.0 120,127 125,127 125,127

2.0 130,125 125,127 127,125

360 120,130 130,125 130,130

5.0 130,135 125,125 135,135
Slump Cone

Fercent Adaixture

Inches Slunp

060
1.0

240

»ONVw - H

aV]

[

2} ™ 48]

ah)

ol

N

™o




Flow Trble

CalCI il CILORIDA

Fercent Adnixture

rercent rlow

128,127 125,127

120,125 125,125

130,130 130,125

135,125 130,120

127,157
127,127
130,127
125,130

Slump Come

Fercent Admixture

Inches Slump

L4b) D (3]
l‘.‘:!»—d

1 3/4
1%

2
3

14
13
2
2
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CoiicLus IO

The results secured in these investigations seem
satisfactory in their indications of the effect of these
different admixtures on theworkability of a concrete mix,
It is, however, admitted that the results of this
research are hardly more than an indication, leaving room
for ruch more investigation in search of more complete
knowledge of theeffect of these admixtures on workability.

Vinsol resin and Orvus, air-entraining agents,
probably increased workability due to replacement of water
by entrained air, thereby having the effect of increasing
the amount of mixing water. Also, the additional air
incorporated probobly acted in some measure as water in
making the mix mobile,

The effect of Pozzolith on workability seems the
greatest of any admixjure used. A dispersing agent like
Fozzolith has the effect of breacking down the cement floc,
andin doing so releases water which has been trarred
within the particle clumps. Then this water becomes a
rart of the mixing or placing water., Also, Pozzolith does
entrain some air, This, too, adds to mobility., These,it seems
logical, were the actions that resulted,

Eydrated Lime and Calcium Chloride effected the work-
ability of the mix very little, as indicated by the
flow tests, The slump increased to greater extent, however,

with the percent of admixture added. It is the author's own
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conclusion that this was due to the greater ratio of fines
in the gradation used for the slump tests, In this test
coarse aggregate'was used, where in the flow test the mix
included fine aggregate only, and adding more fine material

had less effect,
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